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N O T I C E  

This report  was prepared as an account of Government- 
sponsored work. Neither the United States, nor the 
National Aeronautics and Space Administration (NASA), 
nor any person acting on behalf of NASA: 

(A) Makes any warranty o r  representation, expressed 
o r  implied, with respect to the accuracy, complete- 
ness, o r  usefulness of the information contained 
in this report, o r  that the use of any information, 
apparatus, method, o r  process disclosed in this 
report  may not infringe privately-owned rights; o r  

(B) Assumes any liabilities with respect to the use of, 
o r  for damages resulting f rom the use of any infor- 
mation, apparatus, method o r  process disclosed 
in this report. 

As used above, "person acting on behalf of NASA'' includes 
any employee o r  contractor of NASA, o r  employee of such 
contractor, to the extent that such employee o r  contractor 
of NASA, o r  employee of such contractor prepares,  dissemi- 
nates, o r  provides access to, any information pursuant to 
his employment o r  contract with NASA, o r  his employment 
with such contractor. 
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1.0 PURPOSE 

This investigation is concerned with what effect the modification of 

the gas-electrolyte interface will have on the performance of fuel cell  elec- 

trodes. The interface will be disturbed by electrical  and mechanical pulses 

over a wide range of frequencies. 

Hydrophobic and hydrophilic electrodes will be used in this inves- 

tigation. 

- 1 -  
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2.0 ABSTRACT 1 4 3 3 - 3  
f 

There were no significant performance differences between cel ls  oper- 

ating on interrupted d. c. o r  a. c. superimposed on d. c. at frequencies f rom 

20 cycles to 20 kilocycles per second and control cells  operating a t  continuous 

d. c. The peak value of the superimposed a. C. was l e s s  than the d. c. level. 

Improvement in the average performance of thin, composite cells up to 

100 mv at 150 ma/cm2 was noted when electrodes were subjected to heavy dis- 

charge pulses of short  duration. 

effect has  been observed only at the anode and in general is most  pronounced 

for anodes with more  than 100 mv polarization. 

Except for "breaking-in" phenomena the 

Experiments involving the mechanical motion of 1 /4-inch carbon; thin, 

composite; and metal electrodes have been completed at frequencies ranging 

f rom 20 to 300 c. p. 8. 

several  millivolts as a result  of the vibrations. 

sonic pulsing of electrolyte did not reveal any significant effects on cell  per-. 

In no instance did the cell  voltage change by m o r e  than 

Experiments involving the 

formance resulting f rom the pulsations. w 

- 2- 
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3.0 MEETINGS AND CONFERENCES 

On February 13, 1964, K. V. Kordesch and M. L. Kronenberg of Union 
Carbide visited the laboratories of Professor T. J. Gray at Alfred University. 

The purpose of the visit  was to observe how Professor  Gray prepared metal 

electrodes so that the results of pulsing experiments f rom the two laboratories 

could be compared on the same type of hydrophilic electrodes. 

- 3-  
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4.0 FACTUAL DATA 

4. 1 Electrical  Pulsing. 

In addition to the 60 cycles/sec. interrupted d. c . ,  6 sec. /cycle inter-  

rupted d. c . ,  and discharging-charging cycles described in the 2nd Quarterly 

Report the following types of pulsing experiments were car r ied  out: 300 cycles 
per second interrupted d. c. ; a. c. from 20 to 20, 000 c. p. s. superimposed 

on d. c. ; and short, high-discharge pulsing. 

formed on 1/4-inch and on thin, composite electrodes thus far, and are pre- 

sently being t r ied on metal electrodes. 

These pulsings have been per- 

4. 1. 1 

The circuit  used to obtain the interrupted d. c. is shown in Fig. 1. 

300-Cycles/Second Interrupted D. C. 

The magnitude and wave form of the resulting current  a s  shown in Fig.  2 was 

obtained by feeding the voltage across  a 1-ohm precision resis tor  into a 535A 

oscilloscope. 

time a s  each tes t  cell  on interrupted d. c. 

composite electrodes there was no significant difference between the polariza- 

tion curves for the control cells  and the tes t  cells  a f te r  several  days continuous 

operation at 50 ma/cm2. The tests were terminated after this period to make 

room for new cells. In Fig. 3 performance curves a r e  shown for 1/4-inch 

carbon electrode control and tes t  cells after 6 days of continuous operation. 

The difference in performance of several millivolts between the control cell 

and the tes t  cell  is not regarded a s  significant. 

A control cell run with continuous d. c. was run at the same 

F o r  both the 1/4-inch and the thin, 

4. 1. 2 A. C. f rom 20 to 20, 000 C. P. S. Superimposed on D. C. 

Pulsing experiments involving a. c. superimposed on d. c. over 

the range 20 to 20, 000 C. p. s. were conducted using 1/4-inch carbon and thin, 
composite electrodes. The cel ls  (electrode area = 2 cmz) were run at 50 ma 

d. c. with superimposed a. c. of 10 o r  25 ma, and at 100 ma d. c. with super- 

imposed a. c. of 10 o r  25 ma. A HP-20lB Hewlett-Packard sine wave signal 

generator was used and the current wave form and frequencies were observed 
over the 20 - 20,000 c. p. s. range with a Tektro.nix 535-A oscilloscope. 

diagram of the circuit  used is shown in  Fig. 4 and the wave form for 50 ma d. c. 

A 
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with superimposed a. c. of 10 ma at 1000 C. p. s. is shown in Fig. 5 as an  example 

of the wave forms observed on the oscilloscope. 

The cell voltage for  1/4-inch carbon electrodes held constant at 0. 873 
volt (IR-free) a t  currents  of 50 ma d. c . ,  1 0  ma a. c . ,  and 50 ma d. c . ,  25 ma 

a. c . ,  while the frequency of the a. c. component was varied from 20 to 2Q, 000 

c. p. s. At 100 m a  d. c. , 10 m a  a. c. and 100 ma d. c. , 25 ma a. c. the voltage 

held at 0. 782 (IR-free) while the frequency of the a. c. component was varied 

over the same range. 
and these also did not vary  even 1 mv over frequency ranges noted above. 

composite electrodes showed the same potential invariance with frequency. 

The experiments were repeated for  IR-included potentials 

Thin, 

4. 1. 3 Effect of Heavv Discharge Pulsing. 

It was noted by K. V. Kordesch that a short, heavy discharge 

pulse often improved the performance level of these electrodes significantly 

above that obtained by continuous discharge. 

has begun; thus far, the following observations have been made: 

A systematic study of this effect 

(1)  The effect has  been especially pronounced on thin, composite 

electrodes; 

(2 )  The effect has  been observed primarily at the anode and in general 
is most  pronounced for anodes with more than 100 mv polarization; 

(3) The most effective results were obtained when the anode-reference 
potential (vs. zinc) was driven to 1.2 - 1. 8 volts by a discharge pulse of 1 - 3 
seconds duration applied every few minutes. (This is in the vicinity of the 

oxygen electrode potential. ) 

The effect can best  be described by reference to experimental data as 
The discharge current density is 75 ma/cm2 and the heavy shown in Fig. 6. 

pulse current  density is 350 ma/cm2. 

and 2000 mv full scale. 

ing the 2-second heavy discharge pulse. 

volt and decays to 0.76 volt under the 75 ma/cm2 load after about 2 minutes 

(point l1Bf1). 

The recorder  he re  was se t  at zero center 

Each cycle represents approximately 2 minutes, includ- 

At  point "A" the cell voltage is 0. 8 

The 2-second heavy discharge pulse drives the cell voltage to 

- 5- 
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approximately -0. 5 volt (point IC") after which the cel l  voltage recovers  to 

0. 80 volt (point 'ID''), o r  40 mv higher than before the heavy-pulse discharge. 

The cell  voltage later decreased to a failure point when left on continuous load. 

In Fig,  7 an even greater  effect of heavy discharge pulsing is shown on another 
cell. After the 1-second heavy discharge pulse (500 ma/cm2),  the cell  voltage 

recovered about 100 mv over where it left off (normal load 150 ma/cm2, recorder  

se t  at 1000 mv f u l l  scale). 

several  minutes without heavy discharge pulsing. 

to 0. 53 volt then recovered to an average of 0.68 volt when pulsing was resumed. 

In Fig. 8 is pictured more than an hour's data f rom the same cell run at 100 ma/ 
cm2 and maintained at an average potential of 0. 76 volt by heavy discharge pulsing. 

The recorder  speed is 6 inches/hour. 

At point "A" the normal discharge was continued for  

The cel l  voltage decreased 

We believe the phenomena described above i s  related to catalyst  reactiva- 

tion but feel that the results a r e  too preliminary to justify an extensive interpre- 

tation at this time. 

4. 2 Mechanical Motion of Electrodes. 

Vibration tes t s  were conducted on all three types of electrodes in three 

different ways: by coupling the plunger of a continuous-duty solonoid directly to 

the electrode backing plate and driving at  60 cycles by means of Variac; by 

mounting on a light vibration table and vibrating the complete cell at several  

different amplitudes in the range of 20 to 200 c. p. s. by means of a signal gen- 

erator  and power amplifier; and by mounting the cell  on a support driven by a 

compressed-air  driven vibrator which vigorously vibrates in the range of 160 - 
300 c. p. s. In no instance did the resistance-free o r  resistance-included cell 

voltage change by more  than several millivolts for 1 /$-inch, thin-composite, 

o r  metal  electrodes over these frequency ranges. 

constant current  fo r  each type of electrode is shown in Fig. 9. The thin, com- 

po site electrodes exhibited the greatest  "breaking- in" voltage fluctuations. 

Resistance-free cell  voltages a t  

4. 3 Sonic Pulsing. 

Experiments involving the sonic pulsing of electrolyte have been com- 

pleted for  1/4-inch and thin, composite electrodes. 

setup and equipment used i s  shown in Fig. 10. 

Teflon cell  ( 1 )  is vibrated by means of an audio-driver unit (2). 

A picture of the experimental 

A diaphragm at the bottom of the 

A signal generator 
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( 3 )  and amplifier (4) provide frequency control and power to the dr iver  unit. 

The pressure fluctuations a r e  sensed by a transducer (5 )  which is excited by 

another signal generator (6). 
scope ( 7 )  as voltage readings. 

Pressure fluctuations a r e  readon the oscillo- 

Tests have been run a t  frequencies ranging f rom 20 to 20, 000 c. p. s. at 

two pressure amplitudes for 1 /4-inch carbon and thin, composite electrodes. 

Fo r  both types of electrodes, no significant changes in cell voltages were noted 

over this frequency range, as  shown in Fig. 11. 
enough to follow the pressure fluctuations at high frequencies but experimental 

verification of electrolyte pulsing at  sonic frequencies was obtained. 

The transducer was not fas t  

5.0 FUTURE WORK 

The work during the next period will be concerned with applying the 

electrical, mechanical and sonic pulsing experiments already performed on 

1/4-fnch carbons and the thin, composite electrodes to metal  electrodes. 

significant results of pulsing a r e  more likely to appear on these hydrophilic 

electrodes than on the nonwetting types tested thus far. 

Any 

The improvements resulting from short, heavy discharge pulses will 

be investigated in more  detail on thin, composite and metal  electrodes. 

special pulsing circuit i s  being designed and constructed to control the dura- 

tion and intensity of the pulses. 

A 
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